Schizophrenia patients have impairments at several levels of cognition including visual attention (eye movements), perception, and social cognition. However, it remains unclear how lower-level cognitive deficits influence higher-level cognition. To elucidate the hierarchical path linking deficient cognitions, we focused on biological motion perception, which is involved in both the early stage of visual perception (attention) and higher social cognition, and is impaired in schizophrenia. Seventeen schizophrenia patients and 18 healthy controls participated in the study. Using point-light walker stimuli, we examined eye movements during biological motion perception in schizophrenia. We assessed relationships among eye movements, biological motion perception and empathy. In the biological motion detection task, schizophrenia patients showed lower accuracy and fixated longer than healthy controls. As opposed to controls, patients exhibiting longer fixation durations and fewer numbers of fixations demonstrated higher accuracy. Additionally, in the patient group, the correlations between accuracy and affective empathy index and between eye movement index and affective empathy index were significant. The altered gaze patterns in patients indicate that top-down attention compensates for impaired bottom-up attention. Furthermore, aberrant eye movements might lead to deficits in biological motion perception and finally link to social cognitive impairments. The current findings merit further investigation for understanding the mechanism of social cognitive training and its development.
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Introduction
In our daily life, adequate social interaction arises from action observation and reading others' intentions and feelings. The human visual system can perceive motion of others' actions, i.e., biological motion (BM) from only point-light displays, which depicts movements of actor's main joints. Point-light displays have been widely used to investigate bodily motion perception (Johansson, 1973; Verfaillie, 2000) . Previous studies have shown that BM provides relevant social information regarding intention (Blakemore and Decety, 2001; Runeson and Frykholm, 1983) and emotion (Dittrich et al., 1996; Pollick et al., 2001 ) as well as perceptual characteristics.
In BM perception, similarly to face recognition, visual attention plays an important role. Attention is modulated by bottom-up and top-down processing (Desimone and Duncan, 1995; McMains and Kastner, 2011) . Bottom-up attention is stimulus-driven mechanisms and contributes to the early stage of visual perception (Itti and Koch, 2001) , whereas top-down attention is goal-directed mechanisms. Although automatic bottom-up processing has been empathized, top-down processing is also involved in BM perception when the task difficulty is high (Thompson and Parasuraman, 2012) . Attention is closely related to eye movements for selecting visual information (Fischer and Weber, 1993; Kowler et al., 1995) .
Schizophrenia patients have attentional impairment (Heinrichs and Zakzanis, 1998) and aberrant eye movement patterns (Levy et al., 2010) . Previous studies on eye movements during face recognition have demonstrated that schizophrenia patients fixate less on feature regions including eyes and mouth compared to healthy controls (Green et al., 2003; Loughland et al., 2002; Phillips and David, 1998) . These results indicate impaired bottom-up attention in schizophrenia. Moreover, a previous study reported that attention training in which schizophrenia patients were instructed to look at stimuli's eyes and mouth improved the performance of face recognition (Combs et al., 2008) . This result would suggest that topdown attention compensates for abnormal bottom-up attention in schizophrenia.
Recently, it has become evident that schizophrenia patients have impaired BM perception (Kim et al., 2013 (Kim et al., , 2011 (Kim et al., , 2005 . However, it remains unclear how abnormal attention or eye movements http://dx.doi.org/10.1016/j.neures.2014.10.011 0168-0102/© 2014 Elsevier Ireland Ltd and the Japan Neuroscience Society. All rights reserved.
